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SUMMARY
NGF was infused into the lateral ventricle of
rats with unilateral 6-OHDA lesions of the
substantia nigra along with adrenal medulla or
control grafts. Treatment effectiveness, as
measured by amphetamine-induced turning
behavior, indicated that there were no
significant differences between treated and
control groups in spite of the survival of tyrosine
hydroxylase (TH) immunoreactive grafts. Further-
more, adrenal medulla graft survival was not
dependent on NGF infusion. These results
indicate that TH-positive graft survival is not
correlated with behavioral recovery as assessed
by amphetamine-induced turning. These results
differ from studies which utilized apomorphine-
induced turning as a measure of behavioral
recovery. We propose that adrenal medulla graft
survival alone is not sufficient to promote
behavioral recovery in the 6-OHDA lesioned rat.
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INTRODUCTION
Transplantation of adrenal medulla tissue into
the lateral ventricle of the hemiparkinsonian rat has
been reported to result in decreased rotational
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behavior induced by apomorphine /5,10,14/ or
amphetamine /1/. The decreased amphetamine-
induced rotational behavior (but not apomorphine-
induced turning) is correlated with enhanced striatal
extracellular dopamine, decreased D dopamine
receptor binding, and an impaired blood-brain
barrier at the site of the graft /4/. The precise
mechanisms mediating these effects, however, are
not well understood, as it is not clear that
restoration of extracellular dopamine is either
necessary or sufficient to promote behavioral
recovery of function. For example, there may be
trophic effects of adrenal medulla grafts on the
surrounding host tissue that produce behavioral
recovery. Conversely, induction of an inflammatory
response has been shown to produce a non-specific
injury-induced trophic effect on the surrounding
striatum/6/.
Nerve growth factor (NGF) delivered to the
lateral ventricle or striatum has been reported to
enhance survival of grafted chromaffin cells/14/and
promote behavioral recovery as assessed by
apomorphine-induced rotational behavior/10/. The
purpose of the study reported here was to
determine whether continuous intraventricular
infusion of NGF in rats with unilateral 6-hydroxy-
dopamine (OHDA) lesions of the substantia nigra
would enhance behavioral recovery in adrenal
medulla grafted animals, and to determine whether
this is correlated with tyrosine hydroxylase (TH)
immunoreactivity in the graft and/or host brain.
METHODS AND MATERIALS
Animals
Adult female Long-Evans rats (Charles River,
Indianapolis, IN) were tested with D-amphetamine
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sulfate (0.85 mg/kg, i.p.) for direction of rotational
bias/12/. The substantia nigra and medial forebrain
bundle on the side contralateral to the preferred
direction of turning was then lesioned using 6-
OHDA.HBr at a concentration of 2 lag/gl in saline
with 0.01% ascorbic acid. This was infused at a rate
of 0.5 gl/min at the following coordinates (from
bregma, skull flat): posterior 5.0 mm, lateral 2.0
mm, ventral 7.4 mm (8 min); and posterior 3.1 mm,
lateral 1o 8 mm, and ventral 8.2 mm (4 min). Animals
were allowed to recover for 2 weeks, then tested
with amphetamine (0.85 mg/kg i.p., 60 min) and
with apomorphine (0.25 mg/kg, s.c., 45 min). Test
drugs were never given more than once every 48
hours. Rats which exhibited more than 50 turns per
hour following amphetamine, and more than 100
turns per 45 min following apomorphine were
continued in the study. This criterion results in the
selection of animals with >95% depletion of
dopamine in the lesioned striatum/4/. The animals
then received daily injections of amphetamine (3
mg/kg, i.p.) every weekday for 2 weeks to sensitize
animals to the psychomotor stimulant effects of
amphetamine. The sensitization process helps to
alleviate the increased rotation rate observed with
repeated exposures to amphetamine/13/. Following
the sensitization period, the rats were withdrawn
from amphetamine for 2 weeks before undergoing
pregraff behavioral testing. The behavioral testing
consisted of four tests performed at least 48 hours
apart. Each test consisted of a 15 minute
habituation period followed by a 2 h period with
amphetamine (3 mg/kg, i.p.) in an automated
rotometer (flat-bottom, cylindrical). The mean
number of 360 turns induced by amphetamine was
then used as the baseline rate for each animal.
Graft and cannulae placement
Following the pregraft behavioral testing, the
animals were anesthetized with sodium pento-
barbital (30 mg/kg, i.p.) and received gratts of
adrenal medulla or adrenal cortex from 1 month-old
rat pups as described previously/3/at coordinates
anterior 1.0 mm, lateral 1.2 mm, ventral-5.0 mm.
Once the graft was in place, a brain infusion cannula
(Alzet) was lowered at the same coordinates and
secured in place with dental acrylic cement. The
cannula was attached to a subcutaneous 200 l.tl
osmotic minipump (Alzet #2002) filled with nerve
growth factor (0.5 lag/lal, Harlan Biologics,
Madison, Wisconsin)/8/or cytochrome c (CytoC)
(0.5 gg/gl, Sigma) with an infusion rate of 0.5 gl/h.
Animals were assigned to the following groups:
adrenal medulla and NGF (n=10) (AMJNGF),
adrenal medulla and CytoC (n=7) (AM/CytoC),
adrenal cortex and NGF (n=9) (AC/NGF), and
NGF only (n=7). The minipumps were changed
every two weeks under metofane anesthesia for a
total delivery time of 6 weeks.
Behavioral testing
Animals were tested in the automated rotometer
at 4-5 and 8-9 weeks post graft as described for the
pregraff period. The mean of each session was then
used to calculate the percent change in rotational
behavior [(postgraft-pregraff/pregraff) X 100%] at
4 and 8 weeks postgraff.
Histologic analysis
Half the animals were euthanized with an
overdose of sodium pentobarbital and perfused with
4% paraformaldehyde at 6 weeks postgraff. The
remaining animals were similarly euthanized at 10
weeks postgraff. Brains were immediately removed
and placed in 4% paraformaldehyde overnight, then
transferred into a 20% sucrose phosphate buffer for
no more than 5 days. Thirty micron sagittal sections
were cut on a freezing microtome and stored in
0.2% sodium azide buffer until stained. Every
fourth section was mounted on chrom-alum-subbed
slides and stained with Meyer’s hematoxylin and
eosin. Immunohistochemical staining was done on
the remaining sections for tyrosine hydroxylase
(TH) using a polyclonal donkey anti-TH amibody
(PelFreeze, Rogers, Arkansas).
Polyclonal anti-TH
The polyclonal anti-TH protocol was modified
from procedures described previously /7,11/.
Briefly, free floating sections were rinsed in 0.1 M
Tris buffered saline (TBS), then transferred to
blocking serum containing 5% normal purified
donkey serum (NDS), and 0.3% Triton-X for one
hour. Sections were then incubated with the primary
polyclonal anti-TH (PelFreeze) diluted 1:100 with
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TBS containing 2% NDS and 0.3% Triton-X for 48
hours, rinsed with TBS and 0.3% Triton-X, then
incubated with biotinylated donkey anti-sheep IgG
(Jackson Laboratories) diluted 1:200 with TBS
containing 2% NDS and 0.3% Triton-X for 1 hour.
They were then rinsed with TBS, 0.1% BSA and
incubated for 1 hour in the Vectastain Elite avidin-
biotin reagent. Sections were rinsed with 0.1 M Tris
buffer and developed with diaminobenzimidine
(DAB) reagent (50 mg DAB in 100 ml 0.1 M Tris
buffer with 50 I,tl of 8% NiCl and 80 1 of 30%
H202) for 5 minutes. Sections were mounted on
chrom-alum subbed slides and coverslipped.
RESULTS
Rotational behavior
Behavioral recovery to amphetamine defined as
a 20% reduction in rotational behavior as compared
to baseline, was not present at 4 weeks post-surgery
in any of the four treatment groups tested. The
AM/NGF group tended to have a stable to slight
reduction from baseline as compared to the other
groups which increased in rotations over time
(Figure 1). This was primarily due to one animal in
the group which had a 71% reduction in AMPH-
induced turning at 8-9 weeks.
Fig. I"
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Amphetamine stimulated rotations in rats prior to
surgery and at 4 and 8 weeks post surgery. No
significant difference was found between any of the
treatment groups.
Histologic analysis
Sagittal sections were evaluated for the presence
of TH-positive cells and fibers, placement of the
graft/infusion cannulae, and trauma or inflammation.
Anti-TH (PelFreeze) positive grats were observed
in 90% (9/10) ofthe AM/NGF and 83% (8/9) of the
AM/CytoC groups (Figure 2). No TH-staining was
observed in either the AC/NGF or NGF only
groups. Grats appeared to be adjacent to the
striatum in the majority of cases (15/17 rats). The
rat which had behavioral recovery to AMPH at 8-9
weeks postgraft, however, had a grat in the 4th
ventricle adjacent to the stria terminalis bed.
Hematoxylin and eosin staining indicated the
graft appeared to have viable cells with minimal to
no inflammatory reaction observed at the graft sites
(Figure 2) in all cases. The infusion cannula tract
frequently had a small amount of hemorrhage,
presumably from the initial placement. An area of
ependymal hyperplasia was infrequently noted at the
cannula tip. None of these animals was considered
to have significant damage (>30%) to the striatum.
Placement ofthe cannula was in the lateral ventricle
or adjacent striatum in all animals.
DISCUSSION
Animals receiving AM graft along with NGF
infusion had a tendency to show improvement as
compared to the other groups. This however was
mainly due to one animal which showed a 71%
improvement at 8-9 weeks postgrafting as assessed
with AMPH-induced turning. This improvement
continued even after NGF infusion ceased. The
percent change from baseline for the various
groups, however, was not statistically different
between the types oftreatment used.
Our results differed from a similar study utilizing
NGF infusion /10/ in that the rate of grafted
chromaffin cell survival was high, even without the
addition of NGF. The robust graft survival in our
animals may have been due to the lack of
inflammatory reaction at the graft site either as a
result of surgical technique or specific host
differences in the Long-Evans rat. All grafts that
were observed stained positive for tyrosine
hydroxylase, indirectly indicating dopamine
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Photomicrograph of an intraventricular AM graft adjacent to the striatum (A-B). A: Hematoxylin and eosin stained
section illustrating viable chromaffin cells with minimal to no inflammatory reaction. B: tyrosine hydroxylase
immunohistochemical staining (Pelfreeze anti-TH). Grafted chromaffin cells contain tyrosine hydroxylase indicating
their potential ability to produce dopamine. Note that the graft does not have projections into the host tissue. (Scale bar
110 microns.)
production; however, this was not correlated with
behavioral recovery to amphetamine. The results of
our study are similar to those of Brown and
Dunnett /2/ in which adrenal medulla graffing did
not decrease amphetamine-induced turning in the
hemiparkinsonian rat. Previous work in our
laboratory has demonstrated behavioral recovery to
amphetamine after adrenal medulla grafts/3,4/. This
study differed from the previous work in our
laboratory, however, in that apomorphine was not
administered as part of the post-graft behavioral
analysis. Furthermore, the presence of the infusion
cannula in the striatum on the lesioned side may
have resulted in a sufficient amount of damage
which overshadowed any benefit the graft may have
had.
Previous studies in which. NGF was found to be
beneficial for behavioral recovery after adrenal
medulla grafts have used apomorphine-induced
turning as the behavioral assessment technique. It is
likely, however, that amphetamine-induced turning
may involve a different mechanism of recovery than
for apomorphine, as suggested previously by Curran
et al. /4/. Amphetamine works presynaptically as a
dopamine agonist to enhance dopamine release,
whereas apomorphine is a postsynaptic receptor
agonist acting on the supersensitive dopamine
receptors on the lesioned side. Recovery to
apomorphine, therefore, suggest that the dopamine
receptors are becoming less sensitive. The results of
previous studies in which NGF treatment in animals
with adrenal medulla grafts resulted in decreased
apomorphine-induced turning suggest that NGF
may induce decreased DA receptor sensitivity, but
this may not be associated with a generalized
behavioral recovery. If amphetamine-induced
turning behavior is a better assessment of clinical
efficacy of transplantation, as we have suggested
previously /4/, the utilization of NGF-enhanced
adrenal medulla grafts as a treatment for
Parkinson’s disease does not appear to be
efficacious.
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